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Audu! 


ABSTRACT 


In this paper, we implied a modified novel family of log-exponential ratio 
estimators for the estimation of the population mean of the variable of interest in 
the presence of auxiliary attribute. We acquire the biases and mean square errors 
(MSEs) of the suggested estimators as well as the efficiency conditions for which 
the proposed estimators are more efficient theoretically. Empirical study was 
conducted using two datasets and the results revealed that the proposed 


estimators are more efficient. 


Keywords: Sampling, Coefficient of Variation, Bias, Mean Square Error, Auxiliary 
Attribute 


1. INTRODUCTION 


One of the main aims in a sample survey is the estimation of parameters of the 
population like population mean, variance, standard deviation, coefficient of 
variation, etc. These parameters are estimated with the use of a statistic or 
estimator. One of some is the sample mean estimator which is an unbiased 
estimator which is an unbiased estimator of population mean. This estimator 
demands no use of auxiliary information. Information can either be qualitative or 
quantitative when the auxiliary information is in the form of an attribute, that is if 
the auxiliary information is not available in the form of quantitative. Then the 
estimator uses information on the attribute for the purpose of precision. The 
information in the form of an attribute can be such as the height of a person as a 
function of sex, that is, male or female. The efficiency of a dog is a function of a 
particular breed of that dog. Many authors have developed estimators when the 
information is the form of quantitative like Perri, (2007), Singh and Kumar, (2011), 
Lu, (2013), Audu and Adewara, (2017) and Yunusa et al., (2021). Also, authors 
have developed estimators in the presence of auxiliary attributes and they include 
Naik and Gupta, (1996), Singh et al., (2007), Singh, (2008), Singh and Solanki, 
(2012), Sharma et al., (2013), Sharma and Singh, (2015), Zaman and Kadilar, 
(2019), Zaman, (2020), Audu et al., (2021) and Adejumobi et al., (2022). 

In this paper, some modified novel family of log-exponential estimators are 
proposed to estimate the population mean for the interest using information on 


auxiliary attribute. 
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Let y; be i” population characteristic d, and @, is the case of possessing certain attribute. If i’ unit has the desired characteristic, 
it assumes 1 and 0 otherwise, that is; 
aa : E ; 
1 if i" unit of the population assumes the attribute 


a 0, elsewhere 


N n 
Let G= Ye and g= 4, be the total count of the units that assume certain attributes in the population and the sample, 
i=l i=l 


G 
respectively. And P= WV and p= & are the ratio of these units respectively; 


n 
S, Ss Sy My 
C, Ss C, => Pyg = > By $) ga are the population coefficient of variation of study variable and auxiliary 
Y P SS, 6 
attribute, bi-serial correlation between study variable, attribute and kurtosis. The variance of the sample mean y is; 
= 2 
var ( y ) =yC, (1) 


Existing Estimators 
Naik and Gupta, (1996) presented ratio and product estimators of the population mean of the study variable Y in the presence of 


auxiliary attribute as: 


oP 
tig =P— 2) 
P 

ten = ve 3) 
The Biases and Mean Square Error of fygy and tyg are given by: 

Bias(tyg:) =Y (Cy - PygC,C,) (4) 
Bias(tyg2) =Y ¥P,gC,C, 6) 
MSE (ty) = YY? (C2 -20,4C,C, +C;) 6) 
MSE(tygx) = YY (C2 + 2PyC,C, +; ) ”) 


Singh et al., (2007b) pursuing Bahl and Tuteja, (1991), propose exponential ratio and product type estimators in the presence of 


auxiliary attributes as: 


to = yex at (8) 
si — YeXp Pip 
= p-P 
te. = yex 9 
s2=y (2) (9) 
The biases and MSEs of these estimators are respectively given by: 
. —(3 1 
Bias(t,,)=7Y Fc; 5s ce) (10) 
. = 6 ioe 
Bias(t,.)=7Y 5 PW are (11) 
co 
va ¢ 
MSE(t,,) = y¥"| Cy + a pyc, (12) 
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MSE(t,.)=yY | (13) 


C24 Oy C.C 
y 4 Pye y 
a 


: 
~ 1 
where Y = > Y, and y= 
N 
Zaman and Kadilar, (2019a) proposed the family of exponential ratio type estimators in the presence of auxiliary attribute as; 


of eee 


(kP+1)+(kp +l) 
where k Sm 0) and l are either real number or function of the unknown parameters of the attribute C, ’ By 


p= yex PS 2 icaad (14) 


a? Prg 


The Bias and MSE of the estimator are given as follows: 


Bias(t,) = 7¥ (7C; -@pyC,C,)  1=1,2,...57 (15) 
MSE(t,) = y¥? (C2 +67C; -26,p,4C,C,) 1 =1,2....57 (16) 
P P _ P Bay? C,P 
where, 0, = >; = —S ; = —__* __; 
(P+B,,,) 2(P+C,)’ 2(P+ p,,) 2( Brg P+C,) 2(C,P+ Bry) 
0, = PygP 6, = Pygh 
2(PyP+C, ) 2( PP + Borg) 


2. METHODOLOGY 


Proposed Estimators 


Having studied the work of Zaman and Kadilar, (2019), we proposed the following modified novel family of log-exponential type 


estimators for Y as: 


1/4 
Ti.=y [io 2 exp oie (17) 
p-P P P+ pt+2Byy 
r /4 
P- 
LaHJ 7 }ioe( Be P (18) 
| p-P P P+ p+2C, 
r y/4 
= P Pp P-p 
i= — |log| — lex 19 
ie ee e(2) (s] (19) 
= 51/4 
Tag =¥ (=. toa[ 5 Jexo Pro (PP) (20) 
p-P P Byg (P+ p)+2C, 
- 41/4 
T.=y ( toe( Z Jere C,(P=P) (21) 
ne p-P P C,(P + P)+2Byy 
r 41/4 
P a 
Lea (=. toe 2 Jexp Pra P) (22) 
| p-P P DAP ep) rl, | 


Discovery 59, e40d1041 (2023) 


3 of 7 


REPORT | OPEN ACCESS 


yA 
glP = 
Lend [—*-\ou{ 2 Jew PhP) (23) 
p-P P Pyg(P+ P) +2 By, 


The above estimators can be written in general form as: 


ra=5|( sea} S)eo( 51 Renee! | (24) 


To obtain the bias and mean square error expressions of these estimators, we define the following relations: 


@=2-1, goo such that ¥=Y(1+e,), p=P(1+e) 


E(e,)=E(e,)=0, E(es)=yC?, E(e?)=7C; and E(e¢,) = y2,4C,C, 


Expressing equation (24) in terms of @,, (k =0, 1) and reduce terms up to the first order of approximation. 


T,, =¥ (1+e,) (as )e(A) exp(-e, (1+6e,)" )) _ 


ee, Pe =, 4219, 
2(kP +1) 
ry 4 1/4 
T,, =Y (1+) 1-8 eso(-te +4%e) (26) 
1% 
r 22 1/4 
Ty, =Y (1+ ep) [ 4)[1-06,4 nga) (27) 
‘a =Y(1+e,) 


r 22 1/4 

jee er eit (28) 
E 2 2 
r 1/4 


~j 
II 
| 
— 
— 
4+ 
lax) 
=) 
—” 
— 
a. 
aS) 
— 
= 
ss 
+ 
— 
Ww 
D 
re) 
+ 
D 
—" 
mle) 
Ld 


+ 29 
mt 9) 2 ( ) 
a [ 1 1 1 7) 3 2 
T,,, =Y (1+ e,)| 1-—| 6 += |e, + | 450° +130, -= |e; (30) 
| 4 2 32 + 
T,, =Y|1+e “(a+5 Je.+ : 456° 134 : e : ja Ce; (31) 
4 2 32 4 + 2 | 


By subtracting Y from both sides, we obtain 


= 1 1 1 
T,,; -Y =Y 0 G[ +5 Je.+a5{ 4567 +130 -2 ed 64+ 26; | (82) 
4 2 32 4 4 2 


Taking the expectation of equation (32), we obtain the bias of the estimator as: 


—| 1 3 1 1 
Bias (T,,,)=7Y | —| 450° +136, -— |C; -—| 6.+=|p,,C,C 33 
( al Y EA i i ;) ) Al i =P y | ( ) 
Squaring and taking the expectation of equation (32), we obtain the mean square error of the estimator as: 
x 1 ie ee 1 
MSE(T,,)=yv¥Y| C7 +—| 6.+—| C5-=| @+=|p,,C,C 34 
( aa) Y y = i ;| ¢ Al i =) y (34) 
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Efficiency Comparison 


: : Pape . F i ; ay leis 
In this section, the mean square error of the existing estimators is compared with reducing ve mean square error for efficiency. 


iT,” is more efficient than Y if 
MSE(T,)-var(y)<0 
0, <8p,,C, - 
ii. T,” is more efficient than tyg, if 
MSE(T,)-MSE(ty¢,) <0 
(46° + 40, -15)C, <16(26, -3) p,,C, 
iii. T,” is more efficient than fyg> if 
MSE(T,)—MSE(ty¢,)<0 
(46? +40, -15)C, <16(26, +5) p,4C, 
iv.T,” is more efficient than f, if 
MSE(T,)—MSE(t,) <0 
(467 + 40, -15)C, <16(2,-7) p,,C, 


Empirical Study 


(35) 


(36) 


(37) 


(38) 


In this section, an empirical study will be conducted to enlighten the enactment of the proposed estimators over the existing ones. 


Population 1 


N =89, n=20, Y =3.3596, P =0.1236, By 4) = 3.492 


C, =0.6008, p,, = 0.766, C, = 2.6779 


Population 2 


N =111, n=30, Y =29.279, P=0.117, By, =3.898 


C, =0.872, p,,=0.797, C,=2.758 


Table 1 MSEs and PREs of the proposed and existing estimators 


: Population 1 Population 2 

Estimators 
MSE PRE MSE PRE 

y 0.1579 100.00 15.8557 100.00 
tye 2.2168 7.1226 94.5320 16.7728 
tyG2 4.3742 3.6098 254.4077 | 6.2324 
bey 0.4030 38.1811 15.5403 102.0300 
loo 1.4817 10.6567 95.4782 16.6066 
t, 0.1404 112.4644 | 14.7247 107.6810 
t, 0.1357 116.3596 | 14.2948 110.9194 
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t; 0.0981 | 160.9582 | 11.3891 | 139.2182 
t, 0.0982 | 160.7943 | 10.9827 | 144.3700 
i 0.1171 | 134.8420 | 13.0318 | 121.6693 
0.1404 | 112.4644 | 14.5909 | 108.6684 
t, 0.1442 | 109.5007 | 14.9436 | 106.1036 
im 0.070953 | 222.5417 | 8.197212 | 193.4280 
Ts 0.070626 | 223.5721 | 8.141027 | 194.7629 
ae 0.067992 | 232.2332 | 7.737865 | 204.9105 
Tei 0.067995 | 232.2230 | 7.677221 | 206.5292 
jie 0.069357 | 227.6627 | 7.971349 | 198.9086 
Lg 0.070954 | 222.5385 | 8.179812 | 193.8394 

- 0.071216 | 221.7198 | 8.225563 | 192.7620 


From table 1, it can be observed that the proposed estimator ‘a , 1=1,2,...,7 outmatch the existing estimators considered in 


the study with the evidence of minimum mean square error (MSE) and higher percentage relative efficiency (PRE). 


3. CONCLUSION 


In this study, we propose some modified novel family of exponential estimators in the presence of an auxiliary variable. The 


properties (biases and mean square error) of the estimator were derived. The empirical study revealed that the proposed estimators 


are more efficient. With this conclusion, we recommend the use of the estimator in practical situation. In forthcoming studies, we 


hope to extend the proposed estimator attribute presented in this paper to stratified and cluster sampling. 


Acknowledgements 


The authors are very beholden to the Editor-In-Chief and both the unspecified referees for their helpful recommendation leading to 


the advancement of the quality of contents and presentation of the original manuscript. 


Informed consent 


Not applicable. 


Ethical approval 
Not applicable. 


Conflicts of interests 
The authors declare that there are no conflicts of interests. 


Funding 
The study has not received any external funding. 


Data and materials availability 
All data associated with this study are present in the paper. 


Discovery 59, e40d1041 (2023) 


6 of 7 


REPORT | OPEN ACCESS 


KREPERENGES AND NOTES 


1. 


Adejumobi A, Yunusa MA, Audu A. Improved Modified 
Classes of Regression Type Estimators of Finite 
Population Mean in the Presence of Auxiliary Attribute, 
Orient J Phys Sci 2022; 07:41-47. doi: 
10.13005/OJPS07.01.07 

Audu AA, Adewara. Modified factortype estimators 
under two-phase sampling. Punjab J Math 2017; 49(2):59- 
735 

Audu A, Abdulazeez SA, Danbaba A, Ahijjo YM, Gidado 
A, Yunusa MA. Modified classes of regression type 
estimator of population mean in the presence of auxiliary 
attribute. Asian J Math 2022; 18(1):65-89. 

Bahl S, Tuteja RK. Ratio and Product Type Exponential 
Estimators. J Infor Optim Sci 1991; 12(1):159-164. 

Lu J. The Chain Ratio Estimator and Regression Estimator 
with linear Combination of Two Auxiliary Variables. Plos 
One 2013; 8(11):890-899. 

Naik VD, Gupta PC. A note on estimation of mean with 
known population proportion of an auxiliary character. J 
Ind Soc Ag Statistics 1996; 48(2):151-8. 

Perri PF. Improved ratio-cum-product type estimators. 
Statist Trans 2007; 8(2):51-69. 

Sharma P, Singh R. Improved Estimator in Simple 
Random Sampling when study variable is an attribute. J 
Statist Appl Pro Lett 2015; 2(1):51-58. 

Sharma P, Singh R, Jong MK. Study of some improved 


ratio type estimators using information on auxiliary 


Discovery 59, e40d1041 (2023) 


10. 


11. 


12. 


13. 


14. 


15. 


16. 


attribute under second order approximation. J Sci Res 
2013; 57:138-146. 

Singh HP, Solanki RS. Improved estimation of population 
means in simple random sampling using information on 
auxiliary attribute. Appl Math Comput 2012; 218:7798- 
7812. 

Singh R, Kumar MA. Note on transformations on 
auxiliary variable in survey sampling. Model Assist Stat 
Appl 2011; 6 (1):17-19. 

Singh R, Chauhan P, Sawan N. On linear combination of 
ratio-product type exponential estimator for estimating 
finite population mean. Stat Transit 2007b; 9(1):105-115. 
Singh R, Chauhan P, Sawan N, Smarandache F. Ratio- 
product type exponential estimator for estimating finite 
population mean using information in Auxiliary attribute 
in auxiliary information and a prior value in construction 
of Improved estimators edited by Singh R, Chauhan P, 
Sawan N, Smarandache F. Renaissance High Press 2007b; 
18-32. 

Yunusa MA, Audu A, Ishaq OO, Beki DO. An efficient 
Exponential Type Estimator for Population mean under 
Simple random sampling. Ann Comput Sci Ser 2021; 
19(1):46-51. 

Zaman T. Generalized exponential estimators for the 
finite population mean. Statist transit 2020; 21(1):159-168. 
Zaman T, Kadilar C. Novel family of exponential 
estimators using information of auxiliary attribute, J Stat 
Manag Syst 2019a; 34(7):978-1078. 


7 of 7 


